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THE TENSION OF ALIGNED NANOFIBROUS POLYURETHANE
SCAFFOLDS INFLUENCES ANNULUS FIBROSUS CELL FUNCTION
K. Turner1,2, N. Ahmed1, P. Santerre2, R. Kandel1,2. 1Mount Sinai Hosp.,
Toronto, ON, Canada; 2Univ. of Toronto, Toronto, ON, Canada
Purpose: Degeneration of the intervertebral disc (IVD) causes loss of
disc function and is associated with back pain. Tissue engineering an
IVD replacement is complicated by the complex orientation of annulus
ﬁbrosus (AF), one of the tissues of the IVD. The AF is under tension
in vivo and loss of this strain has been implicated in the pathogenesis
of AF degeneration. Aligned nanoﬁbrous polycarbonate urethane (PU)
scaffolds have been used to tissue engineer AF tissue. This study
examined whether the tension of PU scaffolds modulate AF cell shape
and function.
Methods: Scaffolds: Biodegradable PU was synthesized from poly(1,6-
hexyl 1,2-ethyl carbonate)diol, 1,6-hexane diisocyanate and 1,4-
butanediol in N, N-dimethylacetamide. Aligned scaffolds were formed
by electrospinning and placed under tension in a specially designed
holding apparatus.
Cell culture: AF cells were isolated from bovine caudal discs by sequential
enzymatic digestion and seeded onto strained PU scaffolds. 24 hours
later cultures were divided into two groups – (1) strain maintained; or
(2) strain released (relaxed) and were grown in vitro for up to 7 days.
Tissue Analysis: Either 3H-thymidine to quantify cell proliferation or 3H-
proline to quantify newly synthesized collagen was added to the culture
during the last 24 hours of culture. The tissue was harvested, papain
digested and the amount of isotope incorporated determined. DNA
content was quantiﬁed by Hoechst 33258 dye binding assay. Morphology:
Cultures were processed for scanning electron microscopy (SEM) to
visualize cell shape. Other samples were ﬁxed with 4% paraformaldehyde
and stained with phalloidin (actin), DAPI (nuclei) or antibody reactive
with collagen type I and examined by confocal microscopy.
Scaffold analysis: The elastic modulus of the scaffold was evaluated by a
mechanical testing device to the breaking point (Instron) using a tensile
strain of 10mm/min. Statistics: Results were expressed as mean ± SEM of
3 independent experiments and signiﬁcance was determined by one-way
ANOVA.
Results: SEM images of the continuously strained and relaxed scaffolds
show that the ﬁbres remained aligned under both conditions. The applied
strain in the direction of the oriented ﬁbres resulted in a change in
scaffold length of 20.1±3% (mean±SEM), and this decreased by 11.1±2%
after releasing the tension on the scaffold. Cells on relaxed scaffolds were
signiﬁcantly more proliferative and synthesized more collagen type I
when compared to cells on the continuously strained scaffolds. The
strained scaffolds displayed cells which were elongated and oriented
parallel to each other as well as to the type I collagen ﬁbres, both
of which were aligned parallel to the scaffold ﬁbers. In contrast cells
on relaxed scaffolds were more polygonal in shape and did not show
collagen alignment. The cell response to the change in strain was delayed
by 3 to 5 days after tension release and this correlated with the time
at which changes in scaffold length were detected. By 7 days the elastic
modulus was signiﬁcantly greater in the continuously strained scaffolds
as compared to the relaxed scaffolds.
Conclusions: AF cell shape and matrix synthesis and orientation were
inﬂuenced by changes in PU substrate tension. Understanding how
scaffold tension regulates AF cell function will help facilitate the
engineering of AF tissue with an organized extracellular matrix, a critical
feature for creating functional AF tissue.
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TRANSITION FROM A CARTILAGE PHENOTYPE INTO BONE IN THE
INTERVERTEBRAL DISC END PLATE IN AGEING MICE: ROLE FOR BMP2
E.N. Blaney Davidson, E.L. Vitters, W.B. van den Berg, P.M. van der Kraan.
Radboud Univ. Nijmegen Med. Ctr., Nijmegen, Netherlands
Purpose: Degeneration of the intervertebral disc (IVD) is considered an
important source of back pain and affects 80% of the ageing population.
The mechanisms underlying this age-related degeneration remain to be
elucidated. Our present study is designed to study age-related changes
in gene expression in IVD and to ﬁnd clues whether changes in gene
expression can explain age-related disc degeneration. We show that
with age the end plate of murine lumbar spine undergo terminal
differentiation followed by bone formation and accompanied by high
mRNA expression of osteocalcin and intense BMP2 staining.
Methods: We isolated lumbar IVD of C57Bl/6 mice aged 4, 8, 12 and
20 months for RNA. Spines were decalciﬁed with EDTA after which the
IVD were isolated, followed by RNA isolation with trizol and RT-PCR. A
Q-PCR was performed evaluating the expression of aggrecan, collagen
type I, collagen type II, collagen type X and osteocalcin and Id1. Values
were corrected for GAPDH and calculated as a fold increase compared to
4 months of age.
In addition, we isolated spines of mice aged 2, 6, 8, 12 and 20 months for
histology. Paraﬁn sections were stained with Safranin O and Fast Green.
Immunohistochemistry was performed for BMP2.
Results: Histology showed that the isolated IVD that were used for
RNA isolation partially contained the growth plate, the entire end plate,
annulus ﬁbrosus and nucleus pulposus (see ﬁgure). We found that in
these IVD aggrecan RNA decreased up to 1.9-fold by 20 months when
compared to 4 months of age in the total IVD. Collagen type II increased
3.7 fold by 12 months of age and remained stable thereafter. Collagen
type I also increased up to 4.5 fold by 12 months of age and was slightly
reduced again to 3.3 fold increase compared to 4 months of age. The most
striking change was an increase in osteocalcin of 3.2 fold by 8 months,
5.4 fold by 12 months and increased even further up to 6.1-fold by
20 months of age. These data indicate bone formation within the IVD
that has its onset even before 8 months of age.
To investigate what caused this major change in osteocalcin, we
investigated murine spines histologically and found that already at
6 months of age the cells the end plate chondrocytes underwent
hypertrophic differentiation and thereafter were replaced by bone
eventually resulting in a layer of bone covering the growth plate (see
ﬁgure, middle part). As BMP2 is a major inducer of bone we investigated
whether this factor was present in the disc and found that BMP2 staining
is increased with age and that staining is especially intense in the
terminally differentiating end plate chondrocytes that are eventually
replaced by bone (ﬁgure bottom left). We investigated whether the
elevated BMP2 levels resulted in downstream alterations as well and
found that Id1 RNA levels were increased 1.4 fold at 8 months of age
and increased further to 2.8 fold by 12 months and was stable after that
when compared to 4 months of age.
Conclusions: Our data show that with age, the end plate chondrocytes
undergo terminal differentiation and are eventually replaced by bone.
This is accompanied by an intense increase in BMP2 staining in the
hypertrophic cells and a sustained increase in osteocalcin levels and
increased Id1 expression with age in the IVD with age.
Our data strongly suggesting a role for BMP2 in bone formation in the IVD
end plate. This phenomenon will contribute to age-related degeneration
of the IVD.
